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SHOCKAJXOREERFORPULSELOADINGS

By EmanuelSchnitzer

SUMMARY

An expertientad.tivestigationwasconductedto determinetheprac-
ticalityof constructinga low-band-passlanding-gearshockabsorber
andto evaluateitseffectivenessinreducingrapidlyappliedloads.
Theband-passprinciplewasfirstintroducedinNACATechnicalNote3803
froma theoreticalpointof view.Fortheexperimentalinvestigation
presentedherein,a low-band-passshockstrutwasdesigned,constructed,
andtestedincon~unctionwitha high-pressuretirewhichwasusedin
ordertodevelopW transmitsteeppulses.Taxiingrunsweremade
overindividualbumpsto determinethestrutpulserateresponseand
overconsecutivecloselyspacedbumpsto determinestrutrecycling

& characteristics.Duplicatetestsweremadewitha comparableshock
absorberhavinga fixedmainorificearea. Designdetailsarepre-
sentedfortheshockstrutstestedandalsofora proposedband-pass

● vibrationabsorber.Theloadsforthelow-band-passstrutforsingle
rapidlyappliedpulseswere~0percentof theloadsforthefixed-orifice
strutwhereasforcyclicloadingthelow-band-passloadswerelessthan
25percentof thefixed-orificestrutloads.Smallerreductionswere
achievedforrapidlyappliedpulsessuperposedon slowlyappliedpulses.
Therewasno attemptinthisinvestigationtodevelopan optimumcontrol
unittominimizeloadsforbothsingleandmultiplesuperposedpulses
overtheentirespectrumof loadapplicationrates.Theloadreductions
achieved,however,wereaccomplishedby theadditionof a 1$-poundcon-

trolunitto theshockstrutofa ~,000-poundairplane.

INTRODUCTION

Thispaperdealswiththeexperimentalevaluationof theband-pass
principleas appliedto a landing-gearoleo-pneumaticshockabsorber
hereinaftertermed“shockstrut.”Theapplicationofthisprinciple
wasoriginallyconsideredfroma theoreticalpointofviewinrefer-.
ence1 asa meansof overcomingsomeof theImitationsof conventional
shockabsorbers.Forexample,inthecase of aircraftoperationona

w landorwaterrunwayofa givenroughness,as theaircraftspeedincreases,
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.

therateofriseofthetirebottamoverthebumpincreaseswitha .
correspondingincreaseoftheloadapplicationrate. Sincetheforce
transmittedbya conventionallanding-gearshockstrutincreasesroughly
asthesquareofthetelescopingvelocity,thesestrutstendtobecome b
veryrigid;thus,severeshockloadsaredevelopedandtransmittedtothe
aircraftforhighratesof changeof loading.Thel~_-b@-passshock
absorberconsideredhereinwasdesignedto overc~ thislimitationand
stillretainthecharacteristicsofa conventionalshockstrutforlow
ratesof loadapplicationsuchasthelandingimpactandtaxiingover
longhillsor swells.~is isaccomplished.inthefollowingmanner.

—

First,thelow-band-passshockstrutisratesensitiveenddevelopsa pulse
—

responsefunction,withforceattenuationoccurringatthehighrateendof
thepulsespectrum.Thisstrutalsohasthecharacteristicofbeingpulse-
lengthsensitive;thispropertyticombinationwiththeratesensitivity
mskesithavea frequencyresponsetypeof characteristicsinceboth
therateof riseandthedurationofanygivencycleina vibration
arenecessaryto definethefrequency.Thepulse-rateresponseofthe
band-passstrutalleviatesrapidlyappliedloadswhereasthepulse-
durationresponsepreventsthisstrutfrom.excessivetelescoping
duringtheapplicationof sustainedrapidlyappliedpulsesorduring
discontinuousvelocitychangesassociatedwithpassingfromonesteady
slopeto another.

Althoughband-passshockabsorberscanbe madesensitivetorate
anddurationorfrequency,dependingontheapplication,itwasdecided

.

thatthetheorycouldbecheckedbytestingeithertype. Therefore,
theformerwaschosenintheformofa landing-gemshockstrut.Because b
veryrapidactionofmechanicalpartsisrequiredinorderfora low-
passleading-gearshockstrutto attenuaterapidlyappliedpulseloads,
somequestionsnaturallyaroseas towhethersucha devicewaspractica-
ble. Inorderto answerthesequestionsandto obtainan ideaofthe
problemsinvolvedinmskingsucha devicefunctional,a low-band-pass
controlunitwasdesigned,constructed,andinstalledina conventional
shockstrut.Thismodifiedstruthasbeentestedin combinationwith
● high-pressuretireby runningitoverbumpsontherunwayofthe
~lwy impactbasin.Similartestsweremadewithan equivalentftied-
Orifice shockstrutforcomparativep~oses. Thispaperpresentsthe
resultsoftheseexperimentswhichwereaimedat determiningwhether
theband-passprinciplecouldbesuccessful.y appliedto a practical
mechanical@oblem.

DESCRIPTIONOFAPPARATUS

Thegeneralplsmfollowedinorderto evaluatethemeritsofa
low-band-passshockabsorberas a load-controllingdeviceinvolvedthe
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conversionintoa band-passabsorberofa fixed-orificelanding-gear
shockstrutobtainedfrm a propeller-drivenmilitarytrainerofthe
5,000-poundChSS. The behaviorof thisband-passstrutwasthencompared
witha moreor lessconventionalarrangementofthisssmestruthaving
a fixedorificeareaduringa seriesof taxiingandlandingtestsover
specificbumps.Theoveralltestsetupisdescribedfirst,afterwhich
attentionisfocusedon thedesignandoperatingprinciplesoftheband-
passshockstrut,andthena briefdescriptionofthemeasuringinstru-
mentationisgiven.

TestSetup

A photographofthetestsetupshowingthelandinggearinthe
processoftaxiingovera bumpontherunwayispresentedas figure1.
Thisramp-shapedbump,whichis1 foothighand10feetlong,wasused
to duplicatetheeffectsof”thedesignlandingwithoutthecomplications
of spin-updragloadsby merelytaxiingthegearoverit. Thewheeland
tirearefroma 25,000-poundfighterairplaneandtheshockstrutand
forkarefroma 5,000-poundtrainerairplane.Thelanding-geerfitting
isfastenedto thecarriageboomaboveit. Thestrutwasrigidlymounted
inthisfittingandwasadjustedforeat%pitchangleby insertinglinks
of differentlengthsbetweentheboomandfittingattherearofthe
fitting.Thefrontofthefittingwaspivotedfromtheboomonboth
sidestogivea three-pointsuspension.Thecarriageboomwasfreeto
riseandfallverticallyas thecarriagetraveledforwardonparallel
railsovertherunway.Theentire uppermassweighed2,250pounds,
whereastheeffectiveweightassociatedwiththeentirelowermasswas
about110pounds.Thetirewasa typeVIIhigh-pressuretirewithdimen-
sionsof26inchesby 6.6 inchesandwasinflatedtopressuresfrom
75poundspersquareinch(softcondition]to 300poundspersquareinch
(hardcondition)duringthetests.Thishardtireconditionwasusedin
ordertoproducerapidloadapplicationsto thestrutduringthenegotia-
tionof shortsteepbumps.Thishigh-pressuretireisnotmatchedto the
lightstrut,anditwouldhavebeendesirableto utilizea completestiff
fighterlandinggesrbecauseof thehighnaturalgroundfrequencyofthe
wheelandtireintheverticaldirection;however}theimpactb-in car-
riagecouldnothandletheloadstransmittedby sucha gear. Theground
resonancefrequencyof thefighterwheelandtirewasoftheorderof
60 cyclespersecondwiththetirefullyinflated.Thisstiffnesscaused
theapplicationofrapidtransientloadingsto thetrainerstrutinthe
samemanneras ifthefightershockstruthadbeenused. Altho&hthe
loadswerelimitedto lowervalues,theresultshavesignificanceinthat
theimportantcriterionsatisfiedwasthattheratesof applicationof
loadswerenotlimitedto thoseof theflexiblegear. Withthiscombina-
tion,therefore,itwaspossibleto investigateband-pass-strutbehavior
qualitativelyandto determinewhetherthestrutresponse3S fastenough
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tobe usedwitha high-speedfighterairplanewithsmallhardtires.
Thetrainer-airplaneforkusedinthesetestswasnotas stiffas
might.havebeendesiredsince,undertheapplicationofthestructural
designloadof 12,500pounds,itallowedthewheelto deflectupward
relativeto thestrutabout3/8inch.Thenaturalfrequenciesinthe
axialdirectionof thecombinationofthecarriageboomandthelanding-
gearattachmentfittingwereroughly100cyclespersecondand300cycles
persecond.Withtheexceptionofthe1-by 12-inchand2-by 12-inch
rectangularylankbumpsusedinthelanding-impacttests,thebumps
utilizedinthetaxiingtestswereshapedsimilarto therampshownin
figure1. Theirheightsandthelengthstothepointofmsximumheight
wereas follows:1 inchby 10 inches,4 inchesby 20 inches,3 inches ‘- ‘-
by 12 inches,and4 hchesby 10 inches.Allwereof solidwoodcQ.n-
structionwiththeexceptionofthe4-by 10-inchbumpwhichwascovered
witha l/4-inchmetalplate,andallthebumpswereabout2 feetwide.
Theinstrumentationshowninfigure1 willbedescribedsubsequently.

—

Shock-Stnt~SigIl

GeneralConstruction.-Thegeneralconstructionoftheband-pass
shockstrutisshowninfigure2(a)withthecontrolunitinposition.
Inorderto convertthetrainershockstruttotheband-passconfigura-
tion,itwasnecessarytounscrewthepiston,dropouttheoriginal
orificeplateandsnubber,inserttheband-passcontrolunitinplace,
andreplacethepiston.Itwasalsonecessarytoremovethemetering
pinwhichwasscrewedintothebaseofthe-strut.Thestrutshownin
thefigurewasfilledwithhydraulicfluid(t~eMIL-0+606,AM.2)while
inthecompletelycompressedpositionafterwhichitwasextendedfully
andpressurizedwithairthroughthetop.,Although“O”ringsealshave
beensubstitutedfortheoriginalchenonsealinfigure2(a),both
typeswereusedinthetests.Infact,inordertopreventtheshock
strutfromfailingbecauseofrapidreextegsionwithsubsequentbot-
tomingafterthewheelrodeoffthefaredgeof a bump,thechemons
wereusedInmanytestsandweretightened:toan excessivecompression
by screwingthebearingnutdownhsrdinorderto increasestrutfriction
andto reducethereextension rate. When%%e“O”ringsealwasused,a
rubberbuffer(whichisnotshown)wasins—hlledbetweenthe“0’!ring
cageandthebearingimmediatelybelowitinordertor&ducetheforces
arisingfrommetal-to-metalimpactat fullreextension.Fora more
completedescriptionoftheoriginaltrain=shockstruttism.gedas“a
fixed-orificestrut,seereference2.

—

.

Control-unitdesign.-An exteriorviewoftheinstrumentedcontrol
unitis showninfigure2(b)andtheinteriorisillustratedinfig-
fure3. Figure3(a)showsa crosssectionoftheasseniblyandfigure3(b) -
,showsa photographoftheinternalparts.-_Thealinementvanesshown

w
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alongthesidesofthecontrolunitinfigures2(b)and3(a)centerthis
unitinthepiston-supportingtubeoftheshockstrut.Themanyholes
visibleinthesidesofthecontrolunitinfigure2(b)areforthepur-
poseoftransferringfluidrapidlyfromtheoutsideto theinsideof the
unitintheneighborhoodofthemainspring.Thesmalltuberisingfrom
thetopoftheunitcontainsa sealedcableforcarryingthesignals

tationtotheoutsideoftheshockstrut.Thesuppliedby theinstrumen
twodisplacementpickupsshowninfigure2(b)aredescribedsubsequently.

Thethreeprincipalfunctionsofthiscontrolunitaretoprovide
theshockabsorberwiththefollowing:

(1)A variablemainorificesizevihichis controlledby therateof
applicationandthedurationof strutloading

(2)A strutdumpvalve,whichinthiscasewasccmibinedwiththe
mainorificevalve,forallcwingfluidto returnrapidlyfromtheupper
strutcylindertothelowercylindertofacilitaterapidrecyclingof
thestrutunderrepeatedloadconditions

(3)A frequencW-discriminati~snubbervalvewhichsnubsbw-
frequencyreboundssuchas fornormallandingsbutdoesnotsnubshock-
strutreextensionsforhigh-frequencypulses;thus,a largepartof
shock-strutstrokeisretainedforeachnewbumpencountered.

Thesethreefunctionswillbe describedinthefollow$ngsectionwiththe
aidoffigures3 and4 beginningwiththerate-sensitivevariable
orifice.

Themostelementarytypeofvariable-orificevalvewhichmightbe
consideredfortheinstantaneousreliefofloadsistheoneshownin
figure4(a)whichis simplyan ordinarypressure-actuatedreliefvalve.
Forthisvalve,as th@struttelescopes,pressurizedfluidinthelower
hydrauliccylinderdrivestheplungerupward,openstheorificewider,
andtherebyreducestheload. Thedisadvantageofthisvalveisthat
itcannotdiscriminatebetweendifferentloadingratesanddumpsthe
load,evenforlowratesof loadapplicationsuchasthoseforthe
landingimpactforwhichtheaircraftverticalmomentunwoul@notbe
dissipatedas desired.

Infigure4(b)is showna simplifiedsketchofa rate-actuated
valve,suchaswasincorporatedinthelow-passstruttested.m this
device,theplungerpositionisprimarilycontrolledby therateof
changeofpressureinthelowercylinderratherthandirectlyby the
magnitudeofthispressure.Itsactionisas follows:Forlowrates
of loading,as thepressureslowlyincreasesinthelowercylinder>
fluidisforcedup throughthemainorifice,andalsothroughthe
restrictedtube,intothecontrolcylinder.Sincetherateof change
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ofpressureis small,fluidcanpassthroughtherestrictedtubefast
.

enoughto fillthecontrolcylinder,forcethecontrolpistondownagainst
thespring,andthus’maintaintheplungerbalancedin itsequilibrium “
positionas shown.Forthiscase,thestrutbehavesasa conventional
fixed-orificeshockstrut.

Forhigh-frequencyloadsinvolvingrapidratesof changeofpres-
sure,thefluidcannotflowthroughtherestrictedtubefast-enoughto
movethecontrolpistonveryfar. As a result,thecontrolpistonremains
substantiallyfixed,andtheplungerisdrivenupwardagainstthespring,
openstheorifice,andreducestheloadinmuchthesamewayasforthe
ordinaryreliefvalveinf@ure 4(a). Theplunger,mainspring,control
piston,andrestrictingtubeshowninfigure4(b)mayalsobe notedin
figure3.

Thesecondfunctionofthecontrolunitisaccomplishedbythedump
valvesystemwhichpermitstherapidrecyclingofthestrutbetween
repeatedloadcycles.Whenthestrutinfi—~e 2(a)telescopestogether
duringtheapplicationofa loadpulse,thepressureinthelowermain
cylinderisgreaterthanthatintheuppercylinderorairchamberuntil
thestrutstartstoreextend.?%omthispointon,thepressureinthe
uppercylinderbecomesgreaterthanthepressureinthelowercylinder.
Whenthisconditionoccursfluidisforceddownward(seefig.3) past
thesnubberdisk,whichisassumedtobe intheup position,andthen
continuesdownwardthroughtheannularorificeformedby theplunger
andthemainorifice@ate. Partofthisfluidalsopassedinward
aroundthemainspringthroughtheperforationsinthecontrol-unitcage}
whereitexertsa downwardforceontheplungerandanupwardforceon
thecontrolpiston.Infigure3(EL)it is seenthattherearetwoopenings
tothecontrolcylinder,oneconmunicatingto thelowermaincylinder
throughtherestrictingtubeandtheotheropeningintotheuppermain
cylinderthroughthetopofthecontrolcylinder.Theseorificesare
soproportionedthatthepressureinthecontrolcylinderisadjusted
by themto a valuesomewherebetweenthelowermaincylinderpressure
andthe,uppermaincylinderpressurewhilethestrutistelescoping
closed.Forthissameconditiontheratioofthecontrolpistonarea
to theplungereffectiveareais inturnadjustedsothat,duringthe
existenceofa slowlyappliedpulse,theupwardforceontheplunger
resultingfromthelowercylinderpressureis slightlymorethanbalmced
by thedownwardforceonthecontrolpistonresultingfromthecontrol-
cylinderpressurecommunicatedthroughthe—mainspring. —

Duringthereextensionstrokeoftheshockstrutwhenthelower
maincylinderpressureislow,thehighpressureintheuppercylinder
exertsa netupwardforceontheplungerpistonsystenqsincethecon-
trokpistonareais considerablylargerthantheplungereffective
sxea.Therefore,theplungeriswithdra~’fromthemainorificeduring

b
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. strutreextension;thisactionallowsfluidto flowrapidlydownward
fromtheuppertothelowermaincylinder(assumingthesnubberdisk
is intheupposition);andthestrutisthusallowedto reextend

* rapidlyinreadinessforthenextcompressiveloadpulse.

Thethirdfunctionofthecontrolunitinvolvestheoperationof
thefrequency-discriminatingsnubbervalve.Thesnubbervalveinthe
proposeddesignwasmadea partofthecontrolunitforeasyshock-strut
rndificationalthoughit couldhavebeenlocatedelsewhereinthestrut
as isoftendonein shock-absorberdesign.Thisparticularsnubbing
system,showninfigure3, consistsofan annularsnubberdiskorvalve
connectedby meansofa spiderto thesnubberlagpistonwhichisa
closeslidingfitintheannularcylinderformedbetweentheuppersec-
tionof themainorificeplateandthecontrol-unitsu~portcylinder.
Thissnubberoperatesinthefollowingmanner.

Whena loadingpulsecauses a pressureincreaseinthelowermain
strutcylinder,fluidflowupwardthroughtheannularmainorifice
impinges‘onthesnubberdisk,whichinthiscasewasmadeof Ughtweight
aluminum,andimmediatelydrivesitupwsrd,againstitsseatatthebase
of thecontrol-unitcage. Sincethediskis connectedtothesnubber
lagpistonby meansofthespider,thedisk,spider,andpistonare
carriedupwardas a unituntilthesnubberis completelywithdrawnfrom

* itsannularcylinder.Thusa gapisopenedat thetopofthissmnular
cylinderthroughwhichfluidentersandrapidlyfillsit. Whenthestrut
beginstoreextend,thefluidb theuppercylinderisforceddownward

. throughthemainorificeanddrivesthesnubberdiskbackdownto its
closedpositionagainstthemainorificeplate.Thediskcarrieswith
itthesnubberlagpistonwhichisforceddownintoitscylinderand
compressestheentrappedfluidwhichescapesprimarilythroughtheone
ormoresnubberlagorificesshowninthemainorificeplate.Since
thereisa certaintimeconstantconnectedwithemptyingthiscyllnder,
thestrutisallowedtoreextendrapidlydurtigthisshorttimeafter
whichthesnubberclosesandgreatlyreducestheamountoffluidreturning
tothelowermaincylinderthroughtheverysmallclearanceannulus
betweenthesnubberdiskandtheplunger.Thusthereboundof thestrut
iseffectivelysnubbedforther&nainderoftheextensionstroke.

Thus,forhigh-frequencyrepeatedimpulsesusuallyinvolvingsmall
strutdisplacementsof,forexample}an inchor so,thestrutisunsnub-
bedonreextensionsothatthestrutstrokelostduringeachcompression
islargelyregainedduringeachreextension.However,forpulses
havinglowratesofapplicationlikethelandingimpactorduringtaxiing
overlonggentlyslopedbumps,bothofwhichinvolvelargestrutdis-
placements,mostofthereboundstrokeiseffectivelysnubbed,theresult
beingthattheaircraftisnotbouncedofftherunwayby thepotential.
energystoredintheairspringoftheuppermaincylinder.

m



Inorderto converttheband-passshockstruttotheidentically ●

comparablefixed-orificestrut,itwasonlynecessaryto locktheplunger
downinitsequilibriumpositioninwhichitappearsinfigure2(a).
Thiswasdoneby insertinga rigidhollowcylinderinsidethecontrol s
cylinderextendingfromthetopofthiscylinderdowntothecontrolpis-
ton,andreplacingthemainspringby anotherrigidhollowcylinderwhich
wasaslongas theuncompressedspring.Becauseofdifficultiesexperi-
encedwiththesnubber,suchas sticking(dueto imperfectmachiningofthe
assembly-lineshockstrutusedinthetestsand/orpossiblyfroman
inadequatelength-to-diameterratioofthesnubber)andshortcircuiting
ofthesnubberpositionswitch(notdescribed),thisinvestigationwas
conductedwiththefrequency-discriminatingsnubberremovedfromthe
strut.

As a matterof information,thefollowingcontrol-unitspecifica-
tionsarepertinent.Theeffectiveflowareaofthemainorifice(plunger
seated)wasabout0.08squareinch.Thecontrolpistonhada netcross
sectionalareaof 0.65 squareinchwitheffectiveorificeareasof
0.03squareinchforup flowand0.04squareinchfordownflow(toper-
mitmorerapiddumpingofthecontrolcylinder).Thecontrol-cylinder
orificehadan effectivesreaof0.021sq@e inch.Theplungerpet
cross-sectionalareawas0.47squareinch.Themainspringhada spring
constantofabout1,150poundsperinchwitha fulltravelof0.6 inch.

v.

Instrumentation
.—

Mostoftheexternallanding-gearinstrumentationusedinthese
testsisvisibleinfigure1. Sincethe-ding-gearstructurewasvery
flexible,linearaccelerometerswereplacedonthegeartomeasurethe
axial(approximatelyvertical)accelerationsasfollows.Oneofthese
accelerometerswhichmeasuredtheaccelerationof theassociatedwheel
masswasplacedinsidetheaxleonthecenterlineofthewheel.This
instrumenthada naturalfrequencyof24ocyclespersecondanda range
of loog. Twoaccelermnetersareplacedatthebaseoftheshockstrut
tomeasuretheaccelerationoftheassociatedlowercylindermass. One
hada naturalfrequencyof250cyclespersecondanda rangeof25g,
whereastheotherhada naturalfrequencyof500cyclespersecondand
a rsageof 100g.Thesetwoinstmentswereintendedto checkeachother
forfrequencyresponseandstructuraloscillationerrors.‘lhaccelerom.

—

eters,notvisible,werealsolocatedonthetopofthelanding-gear
attachmentfittingadjacenttothestrut.Thesehadnaturalfrequencies
andrangesjrespectively,of85 cyclesPC%secondand12gandh cycles
persecondand50g. An additionalpairofmatchedaccelerometerswere
locatedatthebaseoftheboomitselfandwerecalledboomaccelerom-
eterswithnaturalfrequenciesandranges--of85cyclespersecondand
12g.

*

.
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A slidewire(fig.1)wasusedtomeasurethestruttelescoping
displacementandwasactuatedby therodconnectedat thetopofthe
fork. Thisrodwasalsocutas a gearrackto drivethetelescoping
velocitygeneratorshownattachedto thebaseoftheslidewire. This
slidewirewasbelievedtohavea flatresponseforfrequenciesup to
60 cyclespersecond.Thetelescopingvelocitygeneratorwasestimated
to havea flatresponseforfrequenciesup to 500cyclespersecond.

Thepressuregageutilizedtomeasuretheairpressureintheupper
cylinderisvisiblenearthetopof figure1 andisalsoshowninfig-
ure2(a). Thisgagehada rangeof 1,500poundspersquareinchand
wasbelievedto giveflatresponseto a frequencyof 500cyclespersecond.
Thepressuregagemountedatthebaseofthelowercylinderisnotvis-
ibleinfigurelbut canbe seeninfigure2(a). Thispressuregage
hada rangeof 3,000poundspersquareinchandwasbelievedto giveflat
responseto a frequencyof 1,300c;-slespersecond.Otherexbernalinstru-
ments,notshown,wereas follows:a boom.slidewirewhichmeasuredthe
verticaldisplacementofthecarriageboomandwasbelievedtoprovidea
flatresponseup to a frequencyof at leastlWIcyclespersecond,a
velocitygeneratortomeasuretheboomverticalvelocitywhichwasbelieved
tobe flatto a frequencyof500cyclespersecond,a photoelectriccell
whichviewedtabsplacedat a l-footinte~”alalongthetracktopro-
videa measureofthehorizontaldisplacementof themaincarriage.This
displacementmeasurementwasalsousedin conjunctionwiththetiming
linesprovidedontheoscillographrecordto determineforwardspeedof
thecarriage.

Theinternalinstrumentsmaybe viewedinfigure2(b). Theycon-
sistedof twoinductivelineardisplacementpickups,oneofwhichindi-
catedplungerpositioninthecontrolunitandtheotherofwhichindi-
catedthepositionofthecontrolpistoninthisunit. Thesepick-u~s
werebelievedtopossessa flatfrequencyresponseup to 600cycles
persecond.Theywerecheckedforinteractiveerrorsdueto therelative
motionofthevariousmetalpartsinthecontrolunitandforimmersion
inoilandwerefoundtobe unaffectedby either.Theelectricalenergy
toandfromthesepickupswascarriedina cablesealedina metaltube
whichpassedthroughthetopof thestrutdownalongtheleftinsidewall.
ofthepistonsupportingtubeto thecontrolunit. (Seefigs.2(a)and
2(b).)

RESULTSANDDISCUSSION

Sincethemainpurposeofthisinvestigationwasto demonstratethat
theband-passprinciplecouldbe appliedto thelanding-gearproblem,it
wasbelievedthatthesimplestmeans of evaluatingtheperformancewouldbe
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througha comparisonoftheresultsfortheband-passshockstrutwith .
thoseforthefixed-orificeshockstrut.Theseresultsarepresented
intime-historyformandasmaximumforcevaluesinfigures5 to9. The
maximumvaluesofthemoreimportantmeasur~ntsarealsolistedin

+

tableI forthelow-passstrutandintable11forthefixed-orifice .-

shockstrut.It shouldbe borneinmindthatthesemaximumsdidnot
necessarilyoccuratthesameinstantsoftimeina givenrun. Itmight
bementionedthatthelowercylindermaximumpressuresgiveninthetables
wereobtainedby fairingthroughthe oscillationsontherecords.The
mainorificemea wascalculatedfortheinstantofmaximumstruttele-
scopingvelocityby meansofBernoulli’sequation.Valuesofmainorifice
flowareamuchsmallerthan0.08squareinch(plunger-seatedvalue)indi-
catedthatfoamorairwerepassingthroughtheorificeinsteadof oil
althoughsomevariationabovethisvalueprobablyoccurredwithoilflow
alonebecauseofpressurerecoveryabovetheneckedsectionintheorifice.

Thedifferenttypesof comparisonspresentedunderthissectionare
subdividedintoseparatesubsectionssothateachpropertyoftheband-
passstrutcanbe consideredinitsentiretybeforegoingonto thenext
property.First,resultsof taxitestsoversinglebumpsareconsidered
fromwhichthepulse-rate-responsecomparisoncanbe made. Nextthethe
historiesofthevariousparametersduringpassageovera singlebump,
fromwhicha clearerunderstandingofthecontrolmechanismfunctionscan
be achieved,arereviewed.Theresultsoftaxitestsoverrepeatedbuinps w=
arethenpresentedfromwhichtherecyclingcapabilityofthelow-pass
strutbetweenpulsescembe ascertained.Finally,theeffectsof landings
on singlebumpsarediscussed. .

Pulse-Rate-ResponseComparison

Inorderto testthepulse-rateresponseorband-passcharacteristics
of thelow-passshockstrut,taxirunsweremadefora rangeof speeds
overseveraldifferentbumpsizesat severaltireinflationpressures.
Thefixed-orificestrutwasthentaxiedoverthesesamebumpswithan
attemptmadeto coverthesamespeedvariationuntilthespeedwasattained
atwhichthedesignloadforthestrutwasreached.Inmostcasesthe

—

low-passstrutcouldbe taxiedoverthebumpsatthemaximumcarriage
velocitywheqeastheffied-orificestrutWs limitedto lowspeedsfor
thesteephighbumps.An effectivewingliftof0.88gwhichmightbe
consideredto representhighaircrafttaxispeedswasusedon alltaxi
testsinthisinvestigation.Actually,thiswasdonetoprotectthe
equipmentagainstdamagingloadswhichmighthavebeenencounteredif
thestruteverbottomedduringthetests._*veral pulse-rateresponse
plotsdrawnfromthesedataarepresented.Thefirstoftheseisshcnin ‘“
infigure5 whichpresentsmaximumaxialshock-strutforcemeasuredduring .
taxiingovera bump2 incheshighby 10incheslongwhichwasshapedas

.
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. an inclinedplaneandroundedatthefarendtopreventcuttingthetire.
Althoughtheinclinedplanetypeofbumpwouldat firstgknce appearto
causea lowrateof loadapplication,ineffectitturnedtittobe rather*
severeandabrupt,since,whenthetirecontactedthisbump,a largearea
ofthetirecanein contactwiththebumpahnostat theinstantof con-
tact.A rectangular-shapedbumpisnotbelievedtobe muchmoresevere
sinceit causes a progressivedentingofthetireduringpassageoverit
andalsobecauseofthekinematicsassociatedwiththerollingof a rigid
diskovera step-shapedbump.

Thetirepressureinthistestwas225poundspersquareinchwhich
is consideredtoproducea fairlystifftire. Infigure5(a)ispresented
a comparisonof experimentalmaxim.nnshock-strutforcesderivedfromstrut
internalpressuremeasurementsandinfigure5(b)arepresentedmaximum
forcesderivedfromaccelerometermeasurements.Inbothcasesconven-
tionalloadsaredenbtedbythesquares@bolsandlow-band-passloads
by thecircularsynibols.As thetaxispeedincreases,therateof increase
oftheappliedloadpulseincreasessincethetimespenton thebump
becomes=Iler. Bothplotsshowthattheloadsinthelowrateofappli-
cationregimeareapproximatelythesameforbothstrutsup toabout20 or
30 feetpersecondas anticipated.Theseslowlyappliedloadswere
obtainedat lowtaxispeedsandhaveratesof applicationequivalentto
landingimpacts.Actuallandingsmadewithbothstrutsverifiedthis

d agreementby developingequal bads forslowlyappliedpulses.Thelow-
speedtaxirunsactuallyweremadeoverthe12-by 120-inchbumpandwere
appliedforthe2-by 10-inchbumpby multiplyingtheactualforwardspeed
ofthetestby theratiooftheslopesofthebumptestedtothebump
plottedto obtaintheforwardspeedplotted.Thereasonforusingthe
12-by 120-inchbumpinsteadof the2-by 10-inchbump*S thatthecarriage
couldnotbe taxiedat a constantspeedbelowabout20feetpersecond
aswouldhavebeenrequiredforthe2-by 10-inchbump. Theequivalent
speedforthe12-by 120-inchbumpwashigherandsocouldbe used. Ant.
experimentalcheckofthistechniqueshowedthatitwasallowableas~~
asmaximumforcewasreadedbeforethetiretraveledmorethan2 incheti:
verticallyup the12-inch-highbump,whichwasthecaseinthistest.

.
Forthehighrateofapplicationregimewheretheband-passaction. comesintoplay,theloaddevelopedremainsconstantas thetaxispeed

increaseswhereastheloaddevelopedby thefixed-orificestrutcontinues
to growlarger.Forthehighestspeedshownonthepressurederivedplot,
thelow-passstrutdevelopedonlyabout45percentoftheloadforthe
fixed-orificestrut,whereasfortheaccelerationderivedplotthelow-
passstrutdevelopedonlyabout60percentoftheloadfortheconven-
tionalstrut.Severalreasonsmaybe givento explain~ thereduction
inuppermassaccelerationwasnotas largeas thereductioninpressure.
First,theeffectof strutfrictionandbindingloadswasexceptionallyhigh
forthistestandresultedfromtighteningthebearingnut (fig.2(a))
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onthestrutto compressthechevronsealtopreventstrutfailureon *

completereextensionduetohigh-speedmetal-to-metal@act aswas
mentionedpreviously.Second,therigid-bodyaccelerationoftheboron
wasmodifiedby thedynsmicresponseof theflexiblestructurewhich

w

hadnaturalfrequenciesinthestrutattachmentfittingandboomcombi-
nationofaround100cyclespersecondwhichwasinthesameneighbor-
hoodasthepulseloadsimposedontheconventionalshockstrut.The
differencesobservedbetweenthepressure-derivedloadsforthefixed-
orificeandband-passstrutsarebelievedtobemoresignificant,how-
ever,thanthedifferencesobservedfortheacceleromenter-derived
loadsbecausethepressure-derivedloadsarelessdependentonthe
dynamicsofthestrutsuspensionandonthedesignofbearingsandoil
sealsinanyparticularshockstrut.

h figure 6 a setofplotssimilartothoseoffigure5 arepre-
sentedwiththeexceptionthata moderatelylowtirepressureof75pounds
persquareinchwasusedduringtaxitestsovera bump4 incheshighby
10 incheslong. Thiscasemightbe of interestforaircraftoperating
offofunpreparedroughsurfaces.w figure6(a),a largedifference
ofthepressure-derivedloadsathighvelo~ityisagainseen,theband-
passstrutdevelopingonlyabout50percentoftheloadofthefixed-
orificestrutatthehighestvelocity.A lesserreductioninthe
acceleration-derivedloadsis showninfigure6(b)tas e~ectedlthe
maximumloaddevelopedby theband-passstrutamountingtoabout7’5per- w ‘
centofthefixed-orificestrutload. It isalsoevident,although
onlylow-band-passexperimentaldataareavailablefortheslowly
appliedloadingregime,thatan intersectionpointforthelow-passand

.

fixed-orificecurvesis indicatedbytheremainderofthedatainthe
neighborhoodofa taxiingvelocityof20to 30feetpersecond.

Control-MechanismFunctions

Inorderto furnishadditionaldetailsoftheband-passaction,
figure7 presentsillustrativetime-historyrecordsforoneofthe
high-speedtestconditionsshowninfigure5.

Thefirstsignificantpointto noteisthattheplungerinthelow-
passstruthasopenedtheorificewide(toeffectivelythreetimesits
originalarea)inonly2 millisecondsafterthettiewhenthefirst
significantpressureriseisnotedinthestrut.Thistimecorresponds
approximatelyto onlya 2-inchforwardtravelofthetirealohgthe
10-inchbumplength.Thisplungerresponseisshownsubsequentlyto
be adequateforreducingloadsevenduringlandingson step-shapedb-s
orplanksbecauseofthegradualloadbuildupdueto thekinematicsof
bumpandwheelin spiteofthehardtire. Thisrapidplungeractionis -~—
believedtoprovidea satisfactoryanswer-kooneoftheoriginalque&-
tionsregardingadequateresponsespeedofthevariable-orificevalve. .
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. Theband-passactionresultsinthereductionof lowercylinder
whichto a largeextentdeterminesthehydraulicloaddeveloped

13

pressure
by the

* strut. Thereductionofboomaccelerationforthelow-passstrutis
alsoevidentinfigure7. Anotherinterestingpointisthattherates
of increaseofaccelerationandofpressure(withoscillationsfaired
out)arereducedby theband-passstrutaction.It i.sbelievedthat
thisautomaticloadingratereductionshouldresultina reductionof
spin-updragloadsduringlandingsbecauseofthelongerspin-uptime
whichresultsfromtheslowerbuildupofgroundfriction.Also,the
higherharmonicsof thelanding-loadpulseimpartedtotheairplane
structureshouldbe attenuatedby thisactionandshouldresultinbene-
ficialalterationoftheaircraftdynamicresponseduringan abrupt
landingimpact.

Fromthevelocityrecordsit isevidentthattheband-passstrut
telescopesconsiderablyfasterthanthefixed-orificestrutwhicheffec-
tivelyallowsthewheelfortheband-passdevicetofollowthebump
ratherthantoforcethetireto deflectandloadthegear.Although
thedesigntelescopingvelocityofthefixed-orificestrutwasofthe
orderof5 or6 feetpersecond,theband-passstruttelescopedat the
rateof over 25feetpersecondduringsometestswithno evidenceof
theexistenceof foaminthelowercylindersndwithoutexceedingthe
designloadforthestrut.Fromthedisplacementcurve,it canbe seen

* thattheincreasedtelescopingvelocityresultsinan increasedtele-
scopingdisplacementforthelow-passstrutasexpected.Itmaybe of
interesttonotethatthetelescopinglimitbeforebottomingthestrut.
was7~ inchesandthatthemaximumdisplacementobservedinthetestswas

~ inches.

The300-cycle-per-secondoscillationsapparentintheplungerdis-
placementandthelowercylinderpressurecurvesforthelow-passshock
strutarebelievedtoresultfrmnexcitationof theundsmpedplunger-
springcombinationinresonancewiththestrutmountwhichalsohadone
naturalfrequencyofapproximately300cyclespersecond.Sinceevery
effortwasmadeintheconstructionofthisband-passcontrolunitto
eliminatefriction,itispossiblethatinsufficientplungerdsmpingwas
availableandthat,iftheeffortat frictionreductionhadbeensmaller
or ifa differentstrutmountfrequencyhadbeenused,thevibration
maynothaveappeared.

Anotherinterestingobservationconcernsthebehaviororthecon-
trolpistonandplungercombination.Thecontrolpistonisseento
actina delayedmannertocompressthestiffspringbetweenitselXand

. theplunger.Thesumoftheinstantaneouspistonandplungerdisplace-
mentsgivesan ideaofthespringcompressionandshowshowthepiston
forcestheplungerclosedbymeansofthesprtig.Therefore,the

. delaybetweentherapidplungeropeningad.itsslowclosingthrough
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thedownwardmotionofthepistondeterminesmoreor lessthetimecon- ●

stantof theplungeropeningforthiscontrolunit. Thistimeconstant
canbe adjustedby varyingtherelationoforificesizesinthecontrol
pistonandcylinderaswellastherelationofeffectiveareasofthe

“

pistonandplungerandthemainspringrate.Of course,otherband-
passcontrolunitscanbebuiltinwhichthetime-constantadjustment
ismadesimpler by usinganuppercylinderdumpsystemasan auxiliary
valveinsteadof conibiningitwiththeplungervariable-orificevalve
aswasdoneforthiscontrolunit.

Theeffectoftheopen-plungertimeconstanton strutbehaviorfor
rapidlyappliedbumpsofdifferentdurationmaybe describedsomewhat
as follows.Forpulses?mvingdurationsshorterthanthistimeconstant,
theplungeropenedup,allowedthestrutto telescoperapidlyto reduce
theload,andthenclosedafterthepulsewasover.Forpulseshaving
durationslongerthanthistimeconstant,theplungeropenedup and
allowedthestrutto telescoperapidlysothatthewheelmassachieved
a highverticalvelocity.Thenwhentheplungerclosedbeforethe
pulsewasover, theloadbuiltup againtoroughlythefixed-orifice-
strutvaluebecauseofthearrestoftheextrahighwheelmassvelo-
cityby thesmallorificestrut
inertia.

Recycling

pushingagainstthelargeuppermass —

.

Characteristics

Inorderto investigatethedegreetowhichtheband-passshock
strutwasabletorecoverfroma fastloadpulsepreparatoryto
experiencinga subsequentloadpulse,somerecyclingtestscomparing
thefixed-orificeandlow-band-passshockstrutswereconducted.In
theseteststhelandinggearwastaxiedovera seriesofthreebumps
inwhichthesedondandthirdbumpswerespacedat equalintervals
beyondthefirstbump. Duringtheseteststhebumpspacingandthe
taxispeedwerevariedsoastoproducedifferentfrequencies.Three
ramp-shapedbumpswereusedeachofwhichwas3 incheshighby 12 inches
long. Fortheband-passstrut,tirepressuresof75 and225pounds
persquareinchwereusedwhereas,withthefixed-orificestrut,only
thelowtirepressureof75poundspersquareinchwasusedinorder
tokeepfromfailingthestrut.Thebumpspacingswerevariedfrom
10feetbetweenbumpcenterlinesto 1.3feet.

Fromtheresultsofthesetests,itwasfoundthattheband-pass
shockstrutwasabletorecycleforallbumpspacingsinthisinterval
withoutexceedingthedesignloads.Withthefixed-orificestrut,however,
thedesignloadswereexceeded,about*heworstcaseoccurringwhen
thebumpswerespacedabout7 feetapart.Time-historyrecordscomparing.
theband-passandfixed-orificeshockstrutforsucha runarepresented
infigure8 to illustraterecyclingbehaviorsforbothstruts. “
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. Fromtheaccelerationandpressuretracesit canbe seenthatthe
loadpulseforthefirstbumpwasslowlyappliedas evidencedby little
alleviationfromband-passaction.Itisalsoevidentfromthisfirst. pulsethatthepressure-d accelerationwe wellwithinthedesign
values. After this hpact theactionof thefixed-orificestrut
istraced.As thestrutreextendedbetweenbumps,foemwasbelieved
tohavebeenintroducedintothelowercylinder,bothby passagedown-
wardthroughtheorificeandby aircomingoutof solutioninthe
lowercylinderwhenthepressurein itdropped.Contactwiththesec-
ondbumpcausedthestruttorecompressveryrapidlyas seenfromthe
telescopingvelocitytraceresultdaginthetransferof somefosm
throughtheorificeandinforcingtheairbackintosolutionuntil
liquid-to-metalcontactoccurred.At thispointan abruptreduction
intelescopingvelocityoccurredwiththeresultinghammerblowshown
onthepressureandaccelerationplots.Thesehammerblowsalmost
tripledtheloadbythetimethethirdbumpwascontactedandexceeded
thestrutdesignaccelerationby some10percentandthehydraulic -
pressureby somehopercent.Itmy be notedthat,althoughthestrut
wasrapidlycollapsingduringthetsxiingoverthesecondandthird
bumps,thetelescopingveloci~was several t-s thedesignvalue
whilethebubbleexistedinthelowercylinder.Theresultingarrest
of thelowerstrutaudwheelmasseswhenthebubbledisappearedproduced
thehsmmerblowsmeasured. If a hightirepressurehadbeenusedin

9 thisexperiment,thestrutloadprobablywouldhavebeenconsiderably
largerandthestrutwouldhavefailed.

. Next,theband-passstrutis considered.Sincethefirstimpact
wasslowlyapplied,theloadwasnoteasedmuchaswasobservedpre-
viously.Forthesucceedingloadpulses,however,theactionofthe
control-unitcomponentspreventedtheoil-hammeractionmentionedbefore,
andthusthemaximumpressuresandaccelerationwerereducedto lessthan
one-fourthofthevaluesforthefixed-orificestrut.Thetwocontrol-
unitactionswhichpreventedthehszmnerblowsmaybe describedas follows.
First,it csmbe seenthatbetweenbumpsthepistonandplungerwere
retractedupwardandthemainorificewasopenedtideto allowthefluid
to returnrapidlyto thelowercylinder;thusa moderatelyhighpressure
inthiscylinderwasmaintainedtopreventdissolvedairfrcmcomingout
of solutionto forma btibleinthelowercylinder.Second,whenthe
strutcontactedthefollowingbmnpjtheplungerwasforcedto remainopen
by therapidincreaseofpressureinthelowercylinder.Thusafterthe
foamwasdrivenoutofthelowercylinder,thewideopenorificeallowed
rapidtransferoftheoilintotheuppercylindersothatthestrutcould
continuetotelescopeat a rapidratetithouttheabruptbuildupofpres-
surewhichcausedthehsmneractionintheconventionalstrut.
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about2/3geffectivewing .
relativelyhighspeed.Since
thebumpspacingsused,it

appearedthattheband-passstrutcouldrecycleitselfforanybump .
spacingwhichthewheelandthe couldbe forcedto follow.These
recyclingtestsmightalsobe interpretedto givean indicationofthe
maximumloadalleviationpossibleforthislow-passstrutunderthe
applicationofa stepforcingfunction(theoilhsmmeraction)forthe
casewherea softforkandtirecannotdelaytheapplicationof load.

Inorderto determinewhetherthebumpspacingsusedinthesetests
mightbe encounteredinpracticalsituations,onemightenvisiona
situationofa water-basedaircraftwitha shock-strutmountedski,or
foiltaxiingoversmall
persedmannedairforce
suitablelandinggears.
spacedbumpsmightfail
unlessthesestrutsare
doesnotintroducefoam

closelyspacedwavesora situationofa d~s-
operatingfromroughunpreparedfieldswith
In suchsituationssmallrelativelyclosely
thelandinggearifconventionalstrutswere&ed,
equippedwitha meansforrapidrecyclingwhich
intothelowercylinder.

Landingson SingleBumps

Thecaseofa combinedloadingpulsemadeup ofa rapidlyapplied,
sho?t-durationyulsesuperposedona slowlyapplied,longduration
pulsewasdiscussedtheoreticallyinreference1. Thisconditionis
realizedinpracticeduringa landing,whichconstitutestheslowly
appliedloadapplication,ona steepbump””whichconstitutestherapidly
appliedpulse.Sucha situationmayoccur,forexample,duringa design
landingonanaircraftcarrierinwhichthetireisbottomedandinthis
conditionrunsoveranarrestinggearcable.Inthepresentinvestiga-
tion,landingsweremadewitha hardtireon step-shapedbumpsto compare
thefixed-orificeandlow-passstrutbehaviors.A time-historyrecordof
suchan @act ona rectangularbump2 incheshighby 10 incheslong
ispresentedinfi~ 9. A wingliftof~g w=-requiredto achieve-a

.

constantflight-pathmgle priorto groundcontact. ~
Fromtheaccelerationandpressurecurvesitisevidentthatthere

issomereductionofloadfortheband-passstrutduringtheearlystages
oftheimpact.Forimpactsat lowerforwardspeedsbutwiththesame
sinkingspeed,thesereductionswerenotnotedforthelow-passstrut
andbothstrutsbehavedsimilarlyforsuchslowlyappliedimpulses.
Thesereductionsof accelerationandpressureduringtheearlystages
oftheimpactinfigure9 maybe explainedasfollows.On contactof
thelandinggearwiththerunwaytheplungeropensfora shortthe
becauseofthediscontinuouschangefromno loadtofiniteload,after
whichtimetheplungerisclosedby thecontrolpiston.Theseplunger
andpistonactionsmaybe observedinfime 9. Thefactthatthe

.

--

“d
..

.
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. plungerisopenresultsina reductioninnormalload,which,inturn,
probablycausesa reductioninthespin-updragload. Thislowerdrag,
inturn,probablyresultsinlowerstrutbindingfrictionwhichmaintains.
a lowernormalload. Thiscycleof interdependencycouldnotbe defin-
itelyestablishedby thesetestssincenomeasurementsof spin-updrag
wereavailable.It isbelievedtohaveexisted,however,forthiscase
becauseofthefactthatinimpactsat lowerforwsrdspeedsforwhich
lowerspin-updragsprobablyexisted,loadreductionswerenotencoun-
teredaswasstatedpreviously.

.

.

Whenthehardtireencounteredthestep-shapedbumpduringthe
landingimpact,it isseenthattheloadsandpressureswereboostedfa “.~.””
bothstruts,althoughthevaluesforthelow-passstrutwereonlyabout
80percentofthefixed-orificestrutvalues.Actuallythesereductions
forthisrapidpulseapplicationduringtheimpactcouldprobablyhave
beenconsiderablygreaterifthecontrolpistonactedslowerinforcing
theplungertoclosethemainorifice.However,sincetheobjectof
thisinvestigationwasonlyto findoutwhethertheband-passprinciple
waspracticable,nodevelopmentworkwascarriedouttoadjusttheorifice
sizesinthecontrolpistonandcylinderto bptimumvalues.Suchadjust-
mentswouldhavemodifiedthetimeconstsmtsoftheplungerandpiston
motionswhichmighthavebeenbalancedagainsteachothertoproducea
moredesirableactionundercombinedpulsesituations.Fromtheresults
offigure9.,it is,however,evidentthatthecontrolunitbehavedin
thepropermannerfroma qualitativepointof viewinreducingthehigh-
frequencypulseloads.Thedisplacementcurveson thisplotbehaveaboti
aswouldbe expected,theband-passstrutexhibitinggreatertelescoping
deflectionswhichresultedingreaterverticaldisplacementsoftheupper
massrepresentingtheaircraft.

PossibleApplicationsofDesign

Somepossibleapplicationsoftheband-passprincipletopractical
designsarepresentedinthissection.

Forthesingle-actinglow-passshockabsorber,severallanding-gear
applicationshavebeensuggestedinreference1 suchas snowskis,hydro-
skis,orhigh-pressuretiresoperatingfromroughsurfaces.Inconnec-
tionwithmilitaryaircraftdispersalitmightalsobe consideredthat
operationfromroughunpreparedfieldsmightbepossible.Reference3
considersa band-passstrutinconjunctionwitha softtire,probably
ona leversuspension,forsuchoperations.Anotherpossibleapplica-
tionmightbe forhypersonicaircraftinwhichaerodynamicheatingof
theenclosingstructureconvertsnormallyusedhigh-pressurepneumatic
tirestopotentialbombscapableofwreckingan airplane.Becauseof
thispossibility,onemanufacturerrecentlytestedan aircraftequipped
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withsolidtiresandconventionalshockstruts.Thesetestsarebelieved .
tohavebeenunsuccessfulbecauseof excessivegroundloads.Theuse&
a low-band-passshockstrut,whichinsomemeasurereplacestireresil.
iency,mighthoweverreducethesolid-tireloadsto acceptablevalues. L

Extensionofthefrequencyrangeby use ofa floating.pistondesign
of low-passshockstruthasbeenconsidered.A double-actingvibration
absorberofthistypehasalsobeendesignedandisdescribedintheappen-
dix. Theareasof applicationoffloating-pistonband-passabsorbers —
mightincludevibrationelimination(suchasforspring-suspendedhelicop-
terrotorsorblades)orvibrationelimination(suchasforflutterdsmpers).

CONCLUDINGREMARKS

As a consequenceoftheexperimentsreportedherein,itwasdemon-
stratedt~t thelow-band-passshockstrutbehavesas a fixed-orifice
strutforslowlyappliedloads.Forrapidlyappliedpulsesof short
durationachievedwithhardtireson singlesteepbumps,loadsforthe
low-passstrutwereabout50percentoftheloadsofthefixed-orifice
strut,whereasforcyclicloading,thelow-passloadswerelessthan
25percentofthefixed-orificestrutloads.Theseloadreductionswere
accomplishedby theadditionofa controlunitweighingonly1*poundsto b

a shockstrutwhichwasdesignedfora 5,000-poundairplane.It isthus
concludedthattheband-passprincipleoffersa practicalmeansfor .

reducingrapidlyapplid,highintensityloadings.Forrapidlyapplied
pulsessuperposedon slowlyappliedpulses,loadreductionsofonly20per-
centwere.achievedbutthesecanprobablybe increasedthroughfurther
developmentof controlelements.Itwasnotattemytedto improvethis
performancesinceoptimumizationof a shockabsorberforanyparticular
applicationwasnotan objectofthisinvestigation,themainobject

-.

beinginsteadtodemonstratethattheband-passprinciplecouldbe applied
to a practicalproblem.Forthesingle-actinglow-passshockabsorber,
severallanding-gearapplicationsmightbe suggestedsuchaswithsnow
skisorhydro-skis,withhigh-pressuretiresonroughrunways,operation
fromroughunprep~edfields,andforhypersonicaircraftusingsolid
tires.Theproposeddesign(discussedintheappendix)of a floating-
pistonvibrationabsorbermaybe usedforspring-suspendedhelicopter
rotorsor-forflutterdampers.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,June24,1958. ●
�

.
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FLOATING-PISTON

APPEND=

IOW-PASSVIIEIATIONAI!SORBERS“

Sincecompletionofthedesignof thesingle-actinglow-band-pass
shockstrutshowninfigures2, 3, and4, considerationhasbeengiven
to improvingthisdesign.Theshockabsorberdealtwithinthemain
textof thispaperutilizedtheprincipleofvaryingtheorificesize
as a functionof theappliedrateof loadingtocontroltheloaddeveloped
andtransmittedby thestrut.Forsuchan absorber,inordertoreduce
thedampingforceat,forexample,highratesof loading,theorificeis
openedwide. Thereis,however,a maximumflowrateatwhichthiswide
openorificecanbe considerednotto offera flowrestriction.Above
thisflowratetheshock-strutdampingforceincreasesto largevalues
inspiteofthelargeorificeopening.In orderto extendtherangeof
responseofthestrutto includesteeperpulserates,the“floating-
piston”classofband-passshockandvibrationabsorbersweredesigned
andarediscussedherein.

Designsforthefloating-pistonlow-passvibrationabsorberhave
beenconceivedforboththesingle-acting,landing-geartypeof shock
strutandthedouble-actingtypeof vibrationabsorber(anexampleof
whichisshowninfig.10). Thedouble-actingabsorberwasselected
forillustrationsincesingle-actinglow-passshockstrutshavebeen
discussedinreference1 andinthepresentpaperalongwithsomeof
theirpracticalapplicationswhereasa designfora double-acting
band-passvibrationabsorberhasnotbeenpresentedpreviously.One
oftheessentialfeaturesofthefloating-pistonabsorberof figure10
isthatthemainpistonisnotconnectedeithertothemainpistonrod
or tothemainouterstrutcylinder.Thispistonmerelyfloatsh the
fluidandallowsthemainpistonrodto slidethroughitwithincertain
prescribedlimits.Forlowfrequenciesor ratesof loadapplication,
thispistonisautomaticallycoupledto themainpistonraiby a type
of fluidcouplingandthussimulatesa conventionalvibrationabsorber.
Forhighfrequencies,ontheotherhand,thispistonismerelyleft
uncoupledfromthemainpistonrodwhichslidesfreelyup anddown
throughthepiston.Theautomaticfluidcoupling consistsessentially
ofa cylinderoffluidwhichbecomesrigid(transmitsload)whencon-
tainedbecauseof theinherentincompressibilityof thefluidandbecomes
softwhenthefluidisallowedto seepaway. Themethodofoperation
ofthisvibrationabsorberisas follows:

Themainshock-strutbdy isassumedtobe attachedto oneelement
ofa mechanismandthemainpistonrodto be attachedtotheotherele-
mentina systeminwhichit isdesiredto absorbvibrationsexisting
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betweenelementsona frequency-selectivebasis.Sincethedeviceof
figure10 issymmetricalabouta horizontalplanethroughthemainpiston,
alternatingpulsesaxetreatedinexactlythesamefashionby theappro-
priatehalfofthecontrolunitinvolved.Thepartstnthiscontrolunit
aremostlyannularinshapesothattheenlargedsectioninthecircle
givesan ideaoftheoperationoftheentireunit. Letus considerfirst
thecaseof a rapidlyappliedforcepulseexertedupwardonthemainpis-
tonrodwiththemainshock-strutcylinderassumedtobe stationary.As
themainpistonrodrises,fluidispressurizedbetweenthed@ve piston
(shownintheenlargedviewat theright)andtheupperpumppistonin
thepumpcylinder.Thisfluidisforcedto flowthroughtheuppersuppl.j
portwhichincreasesthepressureintheupperhalfofthecontrolunit,
forcesdowntheupperplunger,andthusallcn@thefluidto escapethrough
thehigh-frequencyinletandescapeportsintothemainshock-strutcylin-
derintheregionabovethemainpiston.Thispressurepulsealsotends
to closetheuppercheckvalve.Sincethe.pulseisfastandof short
duration,verylittlefluidisforcedthrou@theupperbleedorifice
intothecontrolcylinderto cgmpresstheupperspringby forcingthe
controlpistonupwardtowardtheplunger.Thus,verylittlefluidpres-
sureisrequiredto operatetheplungeragainstthisuncompressedspring.
Itthenfollowsthatthepressuresintheupperpumpcylinderandcontrol
unitarerelativelylow;thus,thecontrolunitandmainpistonarenot
forcedawayfromtheiroriginalpositioninthestrut.— — .

By thesametoken,sincethelowersec%ionof thepumpcylinder
belowthedrivepiston@ expandedby theupwardmotionofthemainpiston
rod,fluidissuckedintothiscylinderthro~ thefixedmainorifice,
intotheoverflowpassagewhichisnotclosed,bythedrivepistonthat
wasdisplacedupwardby thepistonrod,throughthelowerhalfofthe
controlunit,andfinallythroughthelowersupplyport. Ifthelower
plungeris slightlyopened,fluidmayalsoenterthelowerhalfofthe
controlunitthroughthelowerhigh-frequencyescapeandinletports.
Thus,forrapidlyappliedloadsormotions,themainpistonrodis
effectivelydisconnectedfromthemainpistonsothatonlya smallforce
isdevelopedandtransmittedby theabsorber.Aftertheupwardpulse
onthemainpistonrod,ifno otherpulseisapplied,thecentering
springwill~aduallyra~sethecontrolunitrelativeto themainpiston
rod,untilthemainpistonisagaincenteredonthedrivepiston.Ifa
reverseordownwardpulseisnextappliedto-themainpistonrod,it is
evidentthatan action>thereverseof thatwhichhasJustbeendescrib6d,
wouldoccur.

●

✎

.

.—

—

Fora low-frequencypulsehavinga lowrateof application,a
differentactiontakesplace.Inthiscasethefluidintheupperpump
cylinderis againpressurizedasthemainpistonrodmovesupw=dbutat
a slowerrate;thus>=n appreciablequ=tity_SffluidiSforcedthrough —

theupperbleedorifice.Thepressurizedfluidalsoclosesthe~er check “
valveandcompressestheplungerretuznspringby forcingthecontrol

--



NACATN4387 21

pistonup towardtheplunger.It isassumedthatinthiscase,sincethe
pressureriseisgradual,enoughfluidcanflowthroughthebleedorifice
tobalanceexactlythedownwsrdpressureontheplungerintheclosed
positionsothatno fluidcanleavetheuppercontrolcylinderthrough
thehigh-frequencyinletandescapeports.Therefore,thepressuregrad-
uallyincreasesintheupperpm cylindersmdcontrolunitwiththeresult
thatthecontrolunitandmainpistonareforcedupward,at a slightly
greaterratethanthemainpistonrodmovesupward,untilthemainpiston
issgaincenteredonthedrivepiston.Whenthemainpistonjustpasses
thispointonthemainpistonrod,fluidcanleavetheuppercontrolcyl-
inderthroughtheoverflowpassageandmainorificeandcanbe dumpe&into
theregionbelowthemainpiston.Subsequentto thistime,as longas
theslowlyappliedpulsecontinues,themainpistoniscenteredon the
drivepistonandthe.fluidfromtheptmpcylinderiscontinuously
exhaustingthroughtheoverflowpassage.Fluidfromabovethemainpis-
ton,therefore,mustflowthroughthemainorificeintotheregion
belowthemainpiston;therefore,theshockstrutwillbehavesimilar
toa conventionalfixed-orificeshockabsorberfortheselowfrequencies.
Themainpistoniskeptcenteredonthedrivepistonduringslowly
appliedpulsesinordertopreventthedrivepistonfrombottoming
on eitherendofthecontrolcylindereitherduringlargeamplitude
pulsesorfollowinga seriesofunsymmetricalpulsesormotions.

Forthecaseofa high-frequencypulsesuperposedon thiskw-
frequencypulse,a rapidadditionalpressureriseoccursinthepump
andcontrolcylinders.Sincethefluidcannotflowthroughtheupper
bleedorificefastenoughto increasetheforceon themainspringto
thenewlevelrequiredby thehigh-frequencypulse,thisinstantaneous
pressurerisewillopentheplungermomentarilyandallowa burstof
fluidto leavethecontrolcylinderthrough”thehigh-frequencyinletand
escapeports.Thus,rapidpulseseventhoughsuperposedon low-frequency
pulsesshouldbehandledexactlyas iftheyexistedalone.b thecase
ofthelow-frequencypulse,as theloaddropsoff,thepressureinthe
pumpcylinderdecreasesandtheplungerreturnspringforcesthefluid
outofthecontrolcylinderthroughtheuppercheckvalve.

Wornthisdiscussion,onecandeducethatthisfloating-piston
shockabsorbqrismadeup ofa smallpumpwhichisdrivenby themain
pistonrodandwhichdrivesthemainpistonthroughthecontrolunit
(inthiscase,a frequency-controlledhydraulicmotor). Whenthemain
pistonisbeingdriven,as forlow-frequencypulses,thereactionon
themainpistonrd istheforceresultingfromthepressuredifferen-
tialaboveandbelowthemainpiston.Thispressuredifferentialarises
fromthefixed-main-orificerestrictionas ina conventionalfixed-
orificeabsorber.
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Theactionofthemainpistoninrecenteringitselfonthepiston ●

rodduringa low-frequencypulseallowsthisshockabsorberto attenuate
manyhigh-frequencyloadoscillationsduringthecouxseofa singlelow-
frequencyloadpulse.Thusthelow-frequencyloadcanbe transmitted *
anddamped,whereasthemanyhigh-frequencyloadoscillationsarenot
transmitted.It canbe seenthattherecyclingofthemanypartsof
thisshockabsorberforbothhigh-andlow-frequencyvibrationsisauto-
matically=kakencareof. It isbelievedthatthisshockabsorberis
applicabletomuchhigherfrequenciesthanthevariable-orificetype
ofbred-passabsorber.Ther,eisalso=alyticalreasoning(notpre-
sentedinthispaper)whichindicatesthatthehigh-frequencyload-
reducingcharacteristicsofthefloating-pistontisorbersresuper-
iorto thoseforthevsri~le-orificeabsorber.

Theareasofapplicationof eithersingle-ordouble-actingfloating-
pistonband-passabsorbersmightincludevibrationisolation(suchas
forspring-suspendedhelicopterrotorsorbladesasmentionedinref.1)
or invibrationelimination(suchas forflutterdampers).Inbothcases,
itisintendedtoremovetheundesirablevibrationoccurringinonefre-
quencyrangewhilepreserving,withoutresonance,pilot-inducedmotions
andairplanereactionsoccurringinanotherfrequencyrange.

.
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I!lgure1.- view of landing gew taxiingoverbump. Instrumentation
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iS ~SO shown.
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